Abstract: The presentation of information to help homeowners make retrofit decisions has been identified as a major problem. While homeowners often depend on energy auditors and trade contractors as retrofit experts, information provided by them based on their knowledge, can be incomplete and even inaccurate. To the expert, knowledge is often implicit, usually committed to automaticity, and difficult to articulate. This research attempts to establish the determinants of expert knowledge in the home energy retrofit industry. Using literature review, Delphi, and nonprobability sampling techniques, 23 participants participated in the study. The findings identified key attributes of home energy retrofit experts. Based on these attributes, an expertise identification system, suitable for the selection of home energy retrofit experts was developed. The study contributes to understanding the role of expert knowledge generally and the home energy retrofit domain specifically and provides an effective metric for determining industry experts.
INTRODUCTION
Energy efficiency, defined as reducing the amount of energy needed to perform a particular task by investing in more effective systems of delivery (IEA 2015; Limerick and Geller 2007) , has been viewed as a major step toward achieving sustainability in buildings. Reasons include: helping to control rising energy costs, reduce environmental footprints, and increase in the value and competitiveness of buildings (Lior 2010) . The housing stock is dominated by existing homes, a large number of which are energy inefficient. Retrofitting existing homes to make them energy efficient has tremendous economic, health, social, and environmental benefits (Syal et al. 2014; USEPA 2010) .
A building retrofit requires the replacement or upgrade of old building systems with new energy saving technology and processes. A home energy retrofit includes any improvement to an existing home that leads to an increase in its overall energy efficiency. Examples include airsealing or installing dense-pack cellulose insulation to the thermal boundary or upgrading inefficient heating systems with energy efficient replacements (Fulton et al. 2012; SME 2012) . The building sector has the most potential for delivering substantial and cost-effective greenhouse gas emission reductions, nurturing a clean energy economy that generates sustainable and quality jobs and reduces reliance on imported fossil fuels, and simultaneously meets environmental, economic, and social goals (EERE 2011; ISC 2009; UNEP 2009 ).
Lack of Home Energy Retrofit Uptake
The lack of home energy retrofit uptake continues to be a concern despite the existence of fairly well established benefits and opportunities. In 2007, for instance, the approximately 150 energy efficiency-related loan programs in the United States reached less than 0.1% of their probable customers (Fuller 2011; Ho and Hays 2010; USC-OTA 1993) . A review of 85 programs offering audits based on Electric Power Research Institute data identified a low average annual participation rate of 3.2% (Berry 1993) . The estimate of the market penetration for home energy retrofit programs is less than 2% (Neme et al. 2011) . Under the American Recovery and Reinvestment Act of 2009, of the approximately $5 billion awarded to weatherize modest income homes in the country through the Weatherization Assistance Program, only 8% of the total funds had been drawn for the weatherization work compared to the 50% grantees were authorized to withdraw (USDOE 2010) . Adoption of energy retrofitting of homes has been fraught with many challenges.
For example, while *Corresponding author. Email: duahdani@gmail.com homeowners often depend on energy experts such as energy auditors and trade contractors for assistance with decision-making, the information provided by such professionals can lack comprehensiveness, accuracy, and consistency (Syal et al. 2013 (Syal et al. , 2014 . This research is part of a broad effort that seeks to contribute towards the understanding and solving of the information barriers to the adoption of energy retrofits in existing homes.
Homeowners generally seek information from a variety of sources including word of mouth, retail and lumberyard employees, cost databases, retrofit or trade contractors, energy auditors, and utility companies. These can be put into two broad categories of quantitative information and expert knowledge. Quantitative information, which includes information related to the domain, typically found in published sources, and is commonly agreed upon by domain experts. Expert knowledge refers to information that can be considered as knowledge of good practice, good judgment, and credible reasoning in the domain (Palmquist 1996; Turban et al. 2005; Warszawski 1985) . Compared to quantitative information, expert knowledge is often implicit, usually committed to automaticity, and is difficult to articulate and is the focus of this research.
Nature of Expert Knowledge
Many people believe that a unique, qualitative, or inborn attribute, is the reason that accounts for the exceptional performance of experts even when compared to that of other highly experienced individuals in the domain (Ericsson and Charness 1994) . Studies of expert performance have however questioned the talent-based view that expert performance depends on unique or qualitative attributes that cannot be changed (Biederman and Shiffrar 1987) . From this perspective, experts are individuals who have acquired extensive knowledge that affects what they notice as well as how to organize and interpret information in their environment, thus, affecting their memory, reasoning, and problem solving abilities (Bransford et al. 1999) . Focusing on the teaching domain, Johnson (2010) defines an expert as an individual particularly skilled in a specific area whilst Shanteau (1992) considers individuals who have been recognized within their profession as having the necessary skills and abilities to perform at the highest level as experts.
The home energy retrofit industry is an emerging field and this reinforces the need for relevant regulations, training, and development in order to clearly identify the attributes of industry experts. Recognizing this need, there has been a growing effort to develop standardized protocols and harmonized training for industry practitioners. Such protocols are desirable since they afford uniformity in the means and methods used by energy retrofit professionals, such as trade contractors and energy auditors (PATH 2002; EERE 2012; NREL 2012) . Expertise can be defined as the extensive task-specific knowledge that is typically obtained from training, reading, and experience in practice (Turban et al. 2005 ). Expert knowledge is usually tacit or implicit. Tacit knowledge is the cumulative store of practical, actionoriented knowledge based on practice, experience, mental maps, insights, know-how, trade secrets, and values that are seldom expressed openly and often resembles intuition (Smith 2001; Taylor 2007; Turban et al. 2005) .
DIFFICULTY OF DEFINING KNOWLEDGE
Tacit knowledge is embedded and synthesized in peoples' heads (Wah 1999; Smith 2001 ) that leads to tasks being performed automatically or intuitively. Automaticity occurs when there is a declarative-toprocedural shift in the reasoning of experts whereby what was initially taught explicitly becomes tacit (Duah 2014; Hoffman 1998; Klein and Hoffman 1993; Lesgold et al. 1988; Hart 1988; Harbison-Briggs and Mcgraw 1989; Sanderson 1989; Kidd and Welbank 1984) . Such tacit knowledge is difficult to elicit since experts find it difficult to tell or show what they do as expertise usually becomes so routinized that experts no longer know what they do or tell why they do it (Shadbolt 2005) .
Determining what constitutes expert knowledge is also a difficult task. For instance, Ayyub (2001) contends that an expert must have qualifications, training, experience, professional membership, and peer recognition. This categorization is, however, difficult in the energy retrofit industry where there is no standardized protocol to provide consistency in the means and methods used by industry professionals (PATH 2002; EERE 2012; NREL 2012) .
There is, therefore, a need to properly establish the determinants of such knowledge in the home energy retrofit industry. This can increase the credibility of such knowledge and also increase the uptake of energy retrofits.
RESEARCH GOAL AND OBJECTIVES
The overall goal of the current research is to identify the determinants or attributes of expert knowledge related to the home energy retrofit industry. Once these attributes are identified, a system can be developed to select industry experts whose knowledge can be incorporated in an intelligent decision support system. Such a decision support system can serve as a source of comprehensive and credible information for homeowners to make appropriate retrofit decisions. The research methodology steps include: development of HER expert attributes, development of knowledge identification system, and formulating the determinants of HER knowledge.
HOME ENERGY RETROFIT EXPERT ATTRIBUTES DEVELOPMENT
The identification and definition of the home energy attributes was mainly accomplished through a combination of literature review to categorize the knowledge, data collection using an interview panel of knowledgeable industry practitioners, and an analysis that combined information from both sources and is discussed in this section.
Literature Review on the Development of Industry Knowledge
Cognitive science literature is replete with distinguishing elements that sets experts apart from novices in terms of their performance (Duah 2014) . Even though psychologists use the term expert to refer to an individual who is significantly more experienced than others in performing a particular task, the difference between experts and novices can, however, not be reduced solely to experience (time invested in learning how to perform tasks) but must include qualitative differences between experts and novices Duah 2014; Foley and Hart 1992 ).
An extensive literature review establishes that expertise can be defined in terms of the following (Duah 2014):
1. Experience -level of performance of experts is better than most due to long-term developmental process, resulting from practical experiences and extensive practice (Cianciolo et al. 2006; Ericsson and Charness 1994; Feltovich et al. 2006 ); 2. Extent -expertise is specific to a domain and expert attributes may be specific to a time and place. Expertise exists in degrees rather than as a whole (Cianciolo et al. 2006 ); 3. Development -expertise progresses from a superficial and literal understanding of problems (novices), to an articulated, conceptual, and principled understanding (expert reasoning) (Hoffman 1998 ); 4. Knowledge Structures -compared to novices, experts have well-organized and extensive knowledge that is specific to a domain (Chi et al. 1981; Chase 1983; Glaser et al. 1987; Lesgold 1984; Hoffman 1998 ); 5. Reasoning Process -expert reasoning is domainspecific and has attributes such as: regular referral to illustrative examples of past cases to justify or explain their decisions or actions, the ability to generate scenarios for reinterpreting difficult situations, moving from a declarative-to-procedural shift in reasoning (Hoffman 1998; Klein and Hoffman 1993; Hart 1988; Harbison-Briggs and Mcgraw 1989; Sanderson 1989 ); 6. Duration -in order to be well developed, expertise takes considerable time (5-10 years) and investment (Lindner et al. 2011 ).
There appears to be a series of distinct, identifiable stages in expertise development and it begins with being a novice, then an advanced beginner, stages of competence to proficiency, and ultimately to expert. As expertise develops from being a novice to an expert, there is a corresponding increase in knowledge and skill (Benner 1984; Cornford and Athanasou 1995; Dreyfus 1986; Schempp 2011; Trotter 1986 ).
Currently, the home energy retrofit industry lacks a metric for identifying the stages of expertise in this domain. Realizing this challenge, the national renewable energy laboratory in conjunction with the Building Performance Institute Inc. of the USA for instance has developed guidelines for training industry professionals. Even though the guidelines are intended to foster the growth of a high-quality residential energy upgrade industry and a skilled and credentialed workforce and clearly indicates the expected duties of the various trades (energy auditor, retrofit installer, crew leader, and quality control inspector) (EERE 2012), it neither provides the level of expertise development nor a metric for the determinants of industry-based expert knowledge.
Data Collection
Purposive and snowballing non-probability sampling techniques were employed in this research. In order to reduce bias in the data that was collected, the Delphi technique was used. The technique is useful in instances where there is a difficulty in using precise analytical techniques for implicit knowledge, where intuitive judgment surpasses concrete measurement, and where disagreements exist among experts requiring a refereed communication process (Pill 1971; Linstone and Turoff 1975) . The Delphi technique seeks to gain insight from a group of certified experts (accuracy), establish a degree of consensus (precision), maintain anonymity of diverse expert panel members throughout the process (unbiased), and answer a question that cannot be addressed using standard statistical procedures because of the nature of the question or the lack of objective data (judgment) over series of rounds (Hallowell and Gambatese 2009; Pill 1971 Each individual was registered with the two main nationally recognized trade organizations in the Residential Energy Services Network and Building Performance Institute. In order to encourage divergent opinion, professionals with the following backgrounds were included: energy auditors and retrofit contractors, non-profit organizations, and academia. The reaching of consensus among a group of experts in a given domain is a major objective of the Delphi technique. A two round Delphi questionnaire study was carried out to investigate reaching consensus regarding home energy retrofit expert knowledge. The first round incorporated the earlier interaction of the initial focus group after which other panel members were involved in the next two rounds. Issues with no consensus after the first round were included in the second round of the Delphi survey.
One of the most commonly reported parameters in Delphi studies -percentage of agreement was used in this research where a predetermined percentage agreement of 70% or more was determined (Hasson et al. 2000; Jacobs 1996; Keeney et al. 2011) . Data was collected from the identified participants over a 5-month period comprising 2 separate periods of the first and second Delphi rounds. Based on the energy retrofit decision process model which is a protocol that identified the major steps followed in decision making in the industry (Syal et al. 2014) , six sections were created for the questionnaire: general, experience, intuitive/habitual decision-making, identifying retrofit measures, shortlisting and prioritizing measures, providing installation advice.
The data collection procedure using Delphi approach and the expert knowledge identification system development is shown in Figure 1 .
Using the Delphi approach, questionnaires were sent to the 23 selected industry participants. Based on the responses received, the data was analyzed for consensus using the predetermined percentage for consensus of 70%. An example of an attribute-based question is provided below:
Are you aware of the tax incentives, rebates, and benefits available to homeowners when they undertake an energy retrofit? If yes, how do you get this information?
All panel members (100%) were aware of tax incentives, rebates, and available benefits during the first round of the Delphi survey. After the second round, there was consensus that, major sources for such information are from trade organizations (100%), utility programs (100%), industry colleagues (100%), government sources (94.45%), and Internet and news media (88.89%). At the end of this first round, there was consensus reached on 13 (76.47%) of the 17 questions for each corresponding attribute.
There was no consensus reached on 3 (17.64%) of the questions. In instances where there was limited consensus on specific questions, these were extracted and feedback was transmitted to the panel in the second round. At the end of the second Figure 1 . Expertise elicitation procedure using Delphi approach (Duah 2014) round, there was consensus achieved on the rest of the questions. For instance, there was limited consensus on the following question in the first round:
How would you explain in a step-by-step manner, the methods you will use to recommend retrofit measures for a home that you have no means of testing?
At the end of the first round, 44 responses were received from the panel. Based on the similarities of the responses and published industry literature review, the feedback provided to the panel in the second round included a rephrasing of the question after which consensus was reached for each of the new categories:
Would you agree that the following 7 categories of sources can be used to assess the general energy performance of an existing home when you have no means of testing? (a) Building envelope features (windows, doors, insulation, ducts) and ages, (b) Heating, cooling and ventilation equipment types, characteristics and ages, (c) Comfort complaints, (d) Visible moisture issues, (e) appliance and lighting characteristics, (f ) Review of utility use and billing history, (g) visible health and safety issues, (h) other.
This provided the basic data for this research and comprised observations and conversations of what was actually said by the participants, reproduced using audio recording and field notes.
Home Energy Retrofit Attributes
Based on the analyses of the data generated in the Delphi rounds, the industry expert knowledge attributes were finalized (see Table 1 for a description of each attribute). Participants also emphasized the need to constantly refer to books, Internet, etc. in order to reinforce the information they provided homeowners. Key reasons for this assertion were that, the industry was emerging and evolving and homeowners have some degree of skepticism about the advice of industry professionals, thus it is necessary to frequently rely on these information sources.
HOME ENERGY RETROFIT KNOWLEDGE IDENTIFICATION SYSTEM
The first step in the development of the energy retrofit knowledge identification system involved developing a weightage for the expert attributes in Table 1 . As a result of the importance of some attributes compared to others, an importance scale, based on the perspective of industry professionals, was developed where emphasis was placed on the competency of experts and their building science knowledge. The reason for this emphasis was based on the critical role of such knowledge in the industry. For instance, when not spotted, backdrafting of carbon monoxide into the home can lead to occupant deaths. Based on literature review, interview with panel members, and the experience of the researchers, each attribute was assigned a relative importance score (RIS) ranging from 0.1 to 0.6 where 0.1 was the least important and 0.6, the most important. The 17 attributes developed were then put into 6 broad categories reflecting the RIS. Table 2 indicates the scores assigned to categories of attribute-based questions. 
Weightage System for Energy Retrofit Expertise Development
The second step involved the recognition of the stages of development of expertise as highlighted earlier in This means that for any participant who is able to clearly explain or mention all three objectives of what an energy audit is, the system will assign an expert designation for such participants for this question.
Determine
Home Energy Retrofit Knowledge/Expertise Stage
The relative importance score for each question is multiplied by the assigned weights for each stage of expertise development (Figure 2 ).
For instance, since the score for the first attribute-based question was determined to be 0.4, it was multiplied by the corresponding weight: 10 for novice, 20 for advanced beginner, 30 for competent, 40 for proficient, and 50 for expert resulting in 4, 8, 12, 16, and 20 respectively. The response of the respondent for this question corresponded with being competent hence the equivalent score of 12 was inserted into the selected option column for this question. This process was repeated for each of the 17 questions.
The lowest and highest possible scores for all 17 attribute-based questions are as follows: Novice -72, Advanced Beginner -140, Competent -216, Proficient -288, and Expert -360. However, Cornford and Athanasou (1995) assert that there is an expectation of some overlap between the stages. For instance, individual differences, which become obvious in skill learning and the amount of time spent at a particular stage varies greatly from person to person. Since the industry is an evolving one and so are standard protocols for the industry, there was a need to further enhance the overlap. As a result, score ranges set for each stage of expertise development (Table 3) were computed as follows:
[(B-A)3]+B where B and A refer to maximum and minimum scores for stage of expertise development. 
Determine Energy Retrofit Expertise Status
Finally, to determine expertise status, responses for each of the questions were entered into the identification system. Scores corresponding with responses of participants for each question were recorded in the selected options column, aggregated, and compared with the predetermined score ranges (Table 3) . For instance, the total scores obtained for Respondent 7 was 324 and qualifies him for the designation of an expert ( Figure  3 ). This procedure was repeated for each participant to determine his or her expertise status (Table 4) . A predetermined criterion of using only participants qualifying as Upper Proficient or Expert to be included in the next round of the Delphi process was set. This led to the exclusion of data obtained from 2 of the participants in the study (Table 4 ). In addition, 2 other participants could not be reached and were also excluded from the study.
DETERMINANTS OF HOME ENERGY RETROFIT KNOWLEDGE
The formulation of the determinants of home energy retrofit knowledge was based on the outcomes of the first The five identifiable stages in the development of expertise (novice, advanced beginner, competent, proficient, and expert) are implementable in the home energy retrofit industry and can be used as a good metric to gauge the level of expertise of industry practitioners. In terms of industry experience, the study identified the following:
1. The number of years spent in the industry alone is not enough to determine the expertise of an industry practitioner. The study found no correlation between the number of years spent in the industry and expert knowledge score. For instance, two participants with number of years of practice of 3 and 38 both obtained similar scores to qualify them as "Upper Proficient"; 2. An experience indicator equal with the stage of expertise development are:
(a) Novice: up to a year (b) Advanced Beginner: 1 but less than 2 years (c) Competent: 2 but less than 3 years (d) Proficient: 3 but less than 4 years (e) Expert: 4 or more years 3. To maintain acceptable proficiency levels, an industry professional must perform between 12-30 energy audits and 6-15 energy retrofits annually; 4. As a result of the changing and evolving nature of the industry, being away from the industry for a year or more, negatively affects proficiency levels.
In terms of energy retrofit intuitive decision making, the following were observed:
1. In order to maintain/improve levels of proficiency, industry practitioners must regularly update their knowledge and make reference to information sources; 2. The knowledge of available financial incentives in the industry by practitioners is very important for the success and growth of the industry.
Common sources for such information are: trade 6. Duration -expertise takes considerable time (4 or more years) and investment to develop fully.
The success of the industry practice is heavily influenced by the type of knowledge industry practitioners have.
The type of knowledge depends on specific attributes needed to succeed in the industry some of which are of relative importance primarily due to its role in the industry. In a hierarchical order starting from the most important, the determinants of home energy retrofit expert knowledge, needed for success in this domain are: 
SUMMARY AND DISCUSSION
Despite the well-documented benefits of energy retrofits in homes a major barrier to its adoption is the lack of information or the presentation of information in a format not easily understood and used by homeowners for energy retrofit decision-making leading to the low adoption rates.
Two major categories of information were identified as quantitative information and expert knowledge. Expert knowledge is difficult to define and, hence, experts cannot be easily identified in order to elicit and use their knowledge. This study examined the determinants of expert knowledge related to the home energy retrofit industry using qualitative methods.
The research contributed to the understanding of expert knowledge in the home energy retrofit industry.
The main contributions of this study relate to understanding expert knowledge in the home energy retrofit domain through the development of the determinants of such knowledge. The study identified 17 industry expertise attributes that can be placed into 6 categories. Based on these attributes, an energy retrofit identification system was developed. Such a system offers the potential for:
1. An effective metric for determining an industry expert especially in the era where non-experts are increasingly becoming "visible" on social media; 2. A useful process for hiring of new workers and training of employees to build expertise;
3. The selection of reliable and competent informants for the profession and also for the development of intelligent decision support systems.
This work contributes to the uptake of home energy retrofits by addressing the determination of an industry expert and the role they their knowledge plays in the home energy retrofit process.
